A novel Gram-stain-negative, strictly aerobic, rod-shaped and agar-hydrolysing bacterium, designated D2
The genus Catenovulum was proposed by Yan et al. [1] . At the time of writing, the genus Catenovulum comprised two species: Catenovulum agarivorans [1] and Catenovulum maritimum [2] . Members of the genus Catenovulum are Gram-stain-negative, rod-shaped and agar-hydrolysing. During a screen for bacteria with biotechnological potential, strain D2
T was isolated from a marine sediment sample collected from the coast of Weihai, China (37 31¢ 59 † N 122 03¢ 47 † E). On the basis of polyphasic evidence, we propose that this strain represents a novel species of the genus Catenovulum.
The marine sediment sample was serially diluted to 10
À5
with sterilized seawater, and 0.1 ml aliquots of each dilution were spread onto marine agar 2216 (MA; Becton Dickinson). A circular, convex, pale white and agar-hydrolysing colony was isolated after incubation for 7 days on MA at 28 C. The strain, designated D2 T , was routinely incubated on MA at 37 C for physiological, biochemical and chemical analyses after purification and stored at À80 C in 15 % (v/v) glycerol with 1 % (w/v) NaCl. C. agarivorans YM01 T (obtained from the laboratory of Professor Xiao-Hua Zhang) and C. maritimum Q1 T (from our laboratory) were used as reference strains. Unless otherwise stated, those strains were cultured under the same conditions for comparative purposes.
The genomic DNA of strain D2
T was extracted and purified using a bacterial genomic DNA extraction kit (MiniBEST Bacteria Genomic DNA Extraction Kit version 3.0; TaKaRa). The 16S rRNA gene sequence of strain D2
T was amplified by PCR using primers 27F and 1492R [3] . Sequencing was performed by Shanghai Sunny Biotechnology, China. The determined 16S rRNA gene sequence was submitted to the GenBank database, and similar sequences were obtained from the EzTaxon server [4] . Multiple alignments of the sequences were determined using CLUSTAL X (version 1.81) [5] , and alignments were edited manually in BioEdit version 7.0 [6] . Phylogenetic trees were reconstructed using neighbour-joining, maximum-likelihood and maximum-parsimony methods using MEGA software package version 7.0 [7] . Kimura's two-parameter model [8] was used to estimate the evolutionary distances for the neighbour-joining tree. Bootstrap analyses (1000 replications) were carried out to evaluate the tree topologies [9] .
A near-complete 16S rRNA gene sequence (1453 bp) of strain D2
T was obtained, and comparison revealed that strain D2
T shared the highest 16S rRNA gene sequence similarity with C. agarivorans YM01 T (96.3 %) and C. maritimum Q1 T (93.9 %). In addition, the topological structure of the neighbour-joining phylogenetic tree clearly illustrated that strain D2
T clustered with species of the genus Catenovulum (Fig. 1 ). This topology was also supported by the maximum-likelihood and maximum-parsimony trees. The sequence similarity and phylogenetic position on the trees indicated that strain D2
T may represent a novel species of the genus Catenovulum.
Phenotypic features of strain D2
T were determined after cultivation on MA for 24 h at 37 C. Cell morphology, size and the presence of flagella were examined by light microscopy (Ci-L; Nikon) and transmission electron microscopy (JEM-1200; JEOL) (Fig. S1 , available with the online Supplementary Material). The Gram reaction was determined as previously described by Smibert and Krieg [10] . Gliding motility was examined as described by Bowman [11] . The isolate could not be cultured in marine broth 2216 (MB; Becton Dickinson), but grew well on MB supplemented with 0. 
2). Growth at various
NaCl concentrations was also investigated with the same medium and conditions, but starch (0.2 %, w/v) was added instead of the agar. The effect of pH on growth was determined by cultivating in MB, supplemented with 0.2 % (w/v) starch to enhance the growth, with different buffer systems as described by Xia et al. [12] . Growth under anaerobic (10 % H 2 , 10 % CO 2 and 80% N 2 ) and microaerobic (5 % O 2 , 10 % CO 2 and 85% N 2 ) conditions were determined on MA with or without 0.1 % (w/v) NaNO 3 after incubation for 14 days in an anaerobic jar. The reduction of nitrate and hydrolysis of agar, starch, CM-cellulose, alginate and Tweens 20, 40, 60 and 80 were carried out as described by Dong and Cai [13] , and the final concentration of Tweens 20, 40, 60 and 80 was 1 % (v/v). Oxidase activity in the bacterial strain was tested using the oxidase reagent kit (bio-M erieux) according to the manufacturer's instructions, and catalase activity was detected by bubble production in 3 % (v/v) H 2 O 2 . Antibiotic susceptibility of strain D2
T was tested on MA by the disc diffusion method according to guidelines of the Clinical and Laboratory Standards Institute [14] . Additional physiological and biochemical characteristics were examined using API ZYM, API 20E kits and API 50CHB identification systems (bioM erieux) and the Biolog GEN III MicroPlates. All the API tests were performed according to the manufacturer's instructions, except that the suspension media for API test strips were adjusted to 3 % (w/v) NaCl (final concentration).
Colonies of strain D2
T grown on MA were pale-white, convex, smooth and circular (0.5-1.0 mm in diameter) after incubation for 24 h at 37 C. Cells of strain D2 T were rodshaped (0.7-1.2 µm in width and 1.5-3.0 µm in length) and motile by a lateral flagellum. Strain D2
T was observed to grow at 10-42 C, pH 6.0-9.0 and in the presence of 0.5-8 % (w/v) NaCl. Optimum growth occurred at 37 C, pH 7.5-8.0 and with 2-3 % (w/v) NaCl. Cells of strain D2
T were susceptible to erythromycin (15 µg), tobramycin (10 µg), streptomycin (10 µg), chloramphenicol (30 µg), rifampin (5 µg), norfloxacin (10 µg), cefotaxime (30 µg), ofloxacin (5 µg), ceftriaxone (30 µg) and acetylspiramycin (30 µg), but were resistant to vancomycin (30 µg), penicillin G (10 µg), tetracycline (30 µg), gentamycin (10 µg), lincomycin (2 µg) and clindamycin (30 µg).
Strain D2
T shares several common phenotypic traits with two closely related type strains C. agarivorans YM01 T and C. maritimum Q1 T , with all taxa being Gram-stainnegative, rod-shaped and capable of growth at 10 C.
All three strains showed positive reactions for oxidase, alkaline phosphatase and naphthol-AS-BI-phosphohydrolase, hydrolysis of agar and starch, and acid production from D-ribose, D-xylose, aesculin and potassium 5-ketogluconate, but negative reactions for indole and H 2 S production, and activity of b-glucuronidase, N-acetyl-glucosaminidase, a-mannosidase, lipase (C14), cystine arylamidase, chymotrypsin and b-fucosidase. However, several differences were also found to be useful for distinguishing strain D2 T from reference species of the genus Catenovulum. Strain D2
T can be readily distinguished from C. agarivorans YM01
T by the production of a pale yellow pigment of the latter, the ability to produce leucine arylamidase and valine arylamidase and its inability to produce esterase lipase (C4, C8), a-galactosidase, a-glucosidase and b-glucosidase. Strain D2
T was also different from C. maritimum Q1 T notably in the acid production from D-fructose, L-sorbose and D-tagatose. The detailed results of morphological and physiological analyses are given in Table 1 and the species description.
For the cellular fatty acid analysis, cells at the end of the logarithmic phase [i.e. after growing in MB supplemented with Table 1 . Differential characteristics of strain D2
T and type strains of related species of the genus Catenovulum
Strains: 1, D2 T ; 2, Catenovulum agarivorans YM01 T ; 3, Catenovulum maritimum Q1 T . All data were from this study except the DNA G+C contents of the reference strains. All strains were rod-shaped and Gram-stain-negative. Each strain showed positive reactions for oxidase, alkaline phosphatase and naphthol-AS-BI-phosphohydrolase, hydrolysis of agar and starch, and acid production from D-ribose, D-xylose, aesculin and potassium 5-ketogluconate, and their main respiratory quinone was Q-8. +, Positive. À, negative. T are compared in Table S1 .
Respiratory quinone was extracted from freeze-dried cells, separated and analysed by HPLC as described by Kroppenstedt [16] . The major respiratory quinone of D2 T was Q-8, which was in line with C. maritimum Q1 T and C. agarivorans YM01
T (both Q-8).
Analyses of polar lipids were carried out by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. Polar lipids were extracted from freezedried cells, and separated by two-dimensional silica gel TLC. Total lipids material was detected using molybdatophosphoric acid; specific functional groups were detected using spray reagents for defined functional groups, as described by Tindall et al. [17] . The major polar lipids were phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and two phosphoaminolipids (PN). Moderate to minor amounts of two unknown lipids and three phospholipids were also detected (Fig. S2) . The polar lipids of C. agarivorans YM01 T were PE, PG, PN and two phospholipids [1] , and those of C. maritimum Q1 T were PE, PG, PN, two unknown lipids and three phospholipids [2] . PE and PG were the major polar lipids in the three type strains. However, strain D2
T was clearly different from C. agarivorans YM01 T in the amounts of PN, lipids and phospholipids. And strain D2
T was different from C. maritimum Q1 T in the amounts of PN.
The G+C content of the DNA was determined by HPLC as described by Mesbah et al. [18] . The genomic DNA G+C content of strain D2
T was 40.4 mol%, which was different from C. agarivorans YM01 T (44.8 mol%) [1] and C. maritimum Q1 T (37.9 mol%) [2] .
On the basis of the phenotypic properties, chemotaxonomic characteristics and phylogenetic analyses, strain D2 T is considered to represent a novel species of the genus Catenovulum, for which the name Catenovulum sediminis sp. nov. is proposed. An emended description of the genus Catenovulum is also provided. 
EMENDED DESCRIPTION OF THE GENUS

